Supplementary Data S1. Analysis of the basis of Suv-20 activity. S2. Sequence comaprison of human SET proteins. S3. Peptide binding using Microscale Thermophoresis S4. Analysis of cofactor binding in Suv4-20h1 and Suv4-20h2. S5. Origins of Suv4-20h1 and Suv4-20h2. S6. Analysis of the SMYD3 active site.
The panels on the left show views of the PR-Set7 active site from the side and from the top (from PDB: 2BQZ). The panels on the right show the equivalent views of the Suv4-20h2 active site. In place of the hydrogen bond interaction observed in PR-Set7 between the lysine Nε and the Tyr245 hydroxyl in Suv4-20h2 there is a hydrogen bond with the Ser161 hydroxyl.
In PR-Set7 the second position on the lysine Nε is involved to a hydrogen bond to a water molecule which in turn makes a strong hydrogen bond to Tyr334. In Suv4-20 their are no conventional hydrogen bonds at this position, but the substrate methyl is presented to a large hydrophobic pocket, at the centre of which is the sidechain of Phe191. The distance between the substrate methyl and the Cζ atom on Phe191 is only 3.3Å and therefore this likely represents a CH-� hydrogen bond; the methyl -Phe interaction positions the lysine for optimal methyl transfer.
PR-SET7
Suv4-20h2 
S2. Sequence comparison of human SET domain proteins
Multiple sequence alignment of the SET domain proteins in the human genome reveals that the occurrence of Phe or Tyr residues at the canonical positions in the SET-N region (A) or SET-C region (B) is less conserved than would be expected from analysis of the currently well-characterised subset of proteins. At the B position there is significant variance and this suggests that like the Suv4-20 family many SET domain family proteins may not control specificity through the Phe-Tyr switch but have evolved an alternative mechanism.
S3. Measurement of binding affinity of Suv4-20 enzymes for histone H4K20me1 peptide using Microscale Thermophoresis. Figure 1C ) and (gray) as shown in Figure 4A .
S4B. Stereo view of the overlay of the cofactor binding residues of Suv4-20h1-SAM complex (orange) and the Suv4-20h2 (blue), as shown in Figure 4B .
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Glu-230 represent the side chain of the Ser161 and the H4K20 di-methyl lysine from the Suv4-20h2 ternary complex structure, the poisition results from the superpositioning on the respective SAH molecules. The SMYD3 acive site contains a hydrophobic pocket formed from Ile201, Ile214 and Ile237 that may accomodate a methyl group in an analogous fashion to Suv4-20h2. The arrangement of residues around the Ser161 equivalent position is somewhat more "open" and hydrophobic in character and we speculate that this may be able to accomodate a third methyl group (Shown schematically in C.). Further strcutural and biochemical analysis of SMYD3 will be required to confirm this hypothesis. 
